The geotechnical characteristics of 22 sediment samples from Leg 84 sites were studied in an effort to associate these with processes active along the Middle America slope and with sedimentation mechanisms. Geotechnical properties measured include water content, porosity, bulk density, Atterberg limits, consolidation characteristics, permeability, and vane shear strength. A majority of samples obtained from Sites 565, 568, and 570 show significant disturbance resulting from degassing. This disturbance apparently results in underconsolidation, although other mechanisms such as excess pore pressures generated from the subduction process can also contribute to this state. Overconsolidated sediments were found at Sites 565, 566, and 569. The overconsolidated sediments at Sites 565 and 569 may result from downslope transport mechanisms rearranging and stressing the sediment mass under consideration. The sediment condition at Site 566 is probably a result of eroded overburden: an estimated 87 m of overlying sediments may have been removed. Geotechnical and permeability relationships with depth are consistent with those found for other hemipelagic sediments of silty clay to clayey silt textures.
INTRODUCTION
This study describes the Leg 84 Middle America slopesediments in the geotechnical sense, analyzing the character of physical properties, the state of consolidation, and the sediment permeability as they may relate to the processes active along this margin.
The depositional framework of sediments blanketing the Middle America Trench and slope is subject to a variety of processes, including downslope transport, erosion, and subduction-erosion. Geotechnical properties at active margins have been studied in an attempt to identify the relationship between subduction and accretion of the slope and oceanic-plate sediment piles. Shephard (1981) described several near-trench sediments in terms of their geotechnical properties and the associated subduction pattern. The Middle America Trench-and slopesediments off Guatemala, as he concluded, are principally pelagic. The tectonic activity along this margin, coupled with sedimentation processes, the occurrence of methane hydrates, and the nature of the sediments themselves, creates, however, a setting unlike that of simple pelagic deposition. Faas (1982a, b) performed physicalproperties analysis of sediments from Leg 67 along the Guatemalan margin and concluded that most geotechnical properties are dominated by in situ gas, sedimentation, and downslope transport.
METHODS
Physical properties measured and tabulated (see Appendix to this chapter) for the DSDP Leg 84 sites were obtained using standard methods. Shipboard analyses provided bulk density, water content, porosity, undrained shear strength, and compressional-wave velocity. The techniques for obtaining these measurements have been described von Huene, R., Aubouin, J., et al., Init. Repts. DSDP, 84 : Washington (U.S. Govt. Printing Office).
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by Boyce (1976) . The bulk density and porosity data were obtained on the Glomar Challenger using the continuous and 2-min. GRAPE and gravimetric methods. Saturated-sediment conditions were assumed for porosity measurements and for GRAPE computations. GRAPE calculations also assume average grain densities of 2.65 Mg/m 3 for hemipelagic sediments, 2.70 Mg/m 3 for hard rock specimens, and a fluid density of 1.025 Mg/m 3 . Compressional-wave velocity was measured in the Hamilton Frame velocimeter. Vane measurements of undrained shear strength were obtained utilizing a hand-held Torvane device and were measured perpendicular to the bedding plane on split sections. Shipboard sampling was done as often as feasible, generally yielding one data point per 2 m, or at points showing distinct lithological changes.
Shore-based laboratory measurements of physical properties include water content, Atterberg limits, bulk density, and grain density from samples taken for consolidation testing. Volumetric determinations were measured using an air-comparison pycnometer with helium as the gas medium. In addition, vane shear measurements were made using a motorized vane at a shear rate of 60°/min. All samples remaining from shipboard velocity analyses, together with those from consolidation sampling, were utilized to obtain percentage of calcium carbonate by the Schiebler technique (Bouma, 1969) and for grain-size analysis by the pipette method for silts and clays (Folk, 1974) .
Consolidation and permeability tests were run with Anteus backpressured consolidometers modified for falling-head permeability measurements. Theory and procedures for standard consolidation and falling-head permeability tests are described by Lambe (1951) and Lambe and Whitman (1969) . Lowe et al. (1964) point out the advantages of backpressured consolidation testing. All tests for the Leg 84 material were run with a backpressure of 675 kPa to ensure complete saturation of the sediment. Consolidation loads were step-loaded in multiples of 2 from a minimum of 3 kPa to a maximum of 3200 kPa. Permeability measurements were obtained 24 hrs. after the application of each new load, thus yielding a distribution of permeability values at various void ratios. The resultant curve produced from consolidation tests is a plot of void ratio versus effective stress (e-log P o ). A typical curve (Fig. 1) shows a reload segment at low vertical stresses, a zone of stronger curvature, and a final linear portion reflecting the virgin curve. The curvature of the break from the reloaded position to the virgin curve is in part a function of the disturbance of the sample; undisturbed samples will generally have a better-defined break. The maximum past effective overburden pressure (P c ) was obtained using the Casagrande (1936) technique, and it represents the maximum effective vertical pressure with which the sediment had come into equilibrium. Values of P c exceeding the actual in situ effective overburden pressure (P o ) represent a state designated in soil mechanics as overconsolidation, and the opposite state would be underconsolidation (Terzaghi, 1941) . The over- consolidation ratio (OCR) is the ratio of P c to P o ', and it numerically represents the state of consolidation. An OCR of 1 reflects a normally consolidated sediment, and an OCR greater than 1 represents an overconsolidated state.
RESULTS

Site 565
The one hole drilled on the lower slope of the Costa Rican margin during Leg 84 (Fig. 2) indicated that sediments consist of 328 m of a dark, greenish gray silty clay and mudstone, the oldest sediment being lower Plioceneupper Miocene. The sediments contained varying amounts of gas that disrupted the fabric of the recovered samples to different degrees; all samples for measurement of physical properties were selected, however, where this disturbance appeared to be minimal.
Grain-size analyses of sediments at this site show a uniform silty clay texture with depth, with only a few excursions from an overall trend of slightly increasing clay content (Fig. 3) . Atterberg limits determined for two samples classify sediments in Section 565-1-4 as inorganic clay of medium to high plasticity and sediments in Section 565-10-6 as fine sand and silt of medium to high plasticity (Fig. 4) .
In general, the sediment section shows a rapidly decreasing water content (60-40%) and porosity (80-65%) from surficial sediments to approximately 20 m sub-bottom, at which depth the gradients decrease significantly (Fig. 3) . Water-content, porosity, and bulk-density profiles are nearly vertical below this depth. Two rather abrupt increases (10% in water content) occur at 48 and 195 m sub-bottom, possibly reflecting zones of depositional hiatuses and/or erosion, although this cannot be substantiated through biostratigraphic results.
The state of consolidation of these sediments may be estimated by using the ratio of shear strength to effective overburden (C u /P o ). This state can be assessed by comparing the ratio against the range of 0.2-0.5 as defined by Skempton (1970) for normally consolidated marine sediments. The C u /P 0 ratio at Site 565 is approximately 0.70 for the upper 20 m, suggesting that these sediments are slightly overconsolidated. Below 20 m the overall trend averages 0.22, suggesting normally to slightly underconsolidated sediments.
Two laboratory consolidation tests were performed on sediments from this site; the results are summarized in Table 1 and Figure 5 . The preconsolidation stresses (P c ) for these two samples are well defined, and suggest that these samples are slightly underconsolidated (Section 565-1-4) to very underconsolidated (Section 565-10-6). Section 565-10-6 consists of a mud and mudstone mixture with high contents of sand and silt, which may be responsible, to some degree, for a low OCR value. Section 565-1-4 shows a moderate degree of compressibility, represented by the compression index (C c ) value of 1.22, whereas Section 565-10-6 has a low compressibility (C c = 0.67), reflecting the effects of sand-to silt-size material on compression.
The discrepancy in the state of overconsolidation between the C u /P 0 results for the upper 20 m and the laboratory test for Section 565-1-4 may result from comparing a downhole trend, as in the case of undrained shear strength versus overburden, to a defined point in the sediment column, such as the consolidation sample. The environment of deposition on the Costa Rican slope is prone to considerable downslope mass-transport mechanisms that may, in fact, create a variable trend in consolidation behavior (see Baltuck et al., this volume) .
Permeability results for the two consolidation samples from Site 565 are shown in Table 1 . These permeabilities are interpolated estimates corresponding to the void ratio of the sediment at its preconsolidation stress. Permeability thus estimated is most likely to approach the in situ vertical permeability of the sediment. Permeabilities on the order of 10~7 cm/s, represent typical values for silty clays when compared with other marine sediments (Bryant et al., 1981) , and such values would be interpreted as indicating sediments with a very low degree of permeability (Terzaghi and Peck, 1967) . 
GEOTECHNICAL PROPERTIES OF SEDIMENTS
Site 566
Site 566 is on the Middle America Trench slope, on the flank of the San José Canyon (Fig. 6) . This site has a very thin sediment cover consisting principally of dark, olive-gray siliceous mud. The grain-size analyses for these sediments classify them as silty clays, and the Atterberg limits for one sample representative of the column classify them as borderline between inorganic clays or fine sands and silts of medium to high plasticity (Fig. 4) .
The general trend in index properties shows a gradual increase in bulk density (1.43-1.66 Mg/m 3 ) and decreas- ing water content and porosity for the sedimentary section (Fig. 7) . The shear-strength profile is quite variable, reflecting coring disturbance, and does not show a clear trend. The shear-strength measurements do point out, however, the significantly high values of shear strength near the surface, which suggests that these sediments are overconsolidated. Shear strength for normally consolidated sediments would approach the "origin cohesion" of approximately 1 to 5 kPa at the seafloor (Skempton, 1970) , as opposed to values between 40 and 80 kPa.
GEOTECHNICAL PROPERTIES OF SEDIMENTS
One consolidation test was performed on sediments from this site, and the results of this test and permeability measurements are presented in Table 1 and Figure 8 . The OCR (= 39) for this sample suggests that the sediment had equilibrated at some point to a greater overburden pressure, or that it has undergone cementation. The absence of cementation, as deduced from visual inspection of the sample, and the proximity of this site to a high-energy environment, such as is found along a submarine canyon wall, lead to the conclusion that erosive mechanisms have probably removed some overlying sediment. This is supported by paleontological evidence, since only Pleistocene and Miocene sediments were recovered. The curvature of the e-log P o curve does not show a well-defined break, and this suggests the possibility of some sample disturbance; but the OCR is sufficiently high as to indicate that this sediment has been preconsolidated. An effective vertical stress of 400 kPa (P c ) is comparable to the pressure created by approximately 90 m of slope sediment, as estimated from an average of all calculated relationships between vertical effective stress and sediment thickness for the Leg 84 Guatemalan margin sites. Thus, if the overconsolidation state observed at Site 566 is simply a problem of removed (eroded) overlying sediments, we can conclude that roughly 87 m of sediment have disappeared. Other mechanisms leading to overconsolidation include cementation, lateral (tectonic) stressing, and very slow sediment accumulation rates, but we find no evidence that these contributed significantly to the high OCR at this site.
A permeability of 4.3 10" 8 cm/s, as measured on the consolidation sample, is within the expected values for the corresponding in situ void ratio (Table 1) . Shipboard estimates of permeability, using a modified version of a falling-head permeameter, resulted in values comparable to the uncorrected (surface) value obtained for the consolidation sample. These two other estimates suggest that the permeability trend with depth is fairly constant within the sediment column, with values on the order of 10~8 cm/s, representing a nearly impermeable medium.
Site 567
This site is situated within the Middle America Trench slope ( Fig. 6 ) in a 358-m-thick sedimentary section consisting of dark olive-gray muds and mudstones with numerous lithologic inclusions. The upper 200 m of the drilled section was washed, and the results, therefore, pertain only to the underlying sediments. The principal inclusions found consist of limestone, mudstone, and serpentinitic breccia. The results of grain-size analyses for three samples of the mudstone matrix are shown in Figure 9 , and classify these sediments as clayey silts to silty clays. Carbonate content ranges from 3 to 15% for these three samples, and is composed principally of foraminiferal tests.
The index properties for this site strongly reflect the variable lithologies encountered, and present little information related to the character of the overlying sedimentary section (Fig. 9 ). Coring during Leg 67 at Site 494 recovered the upper sedimentary unit, and Atterberg limits for these sediments classify them as medium-to highplasticity organic clays (Faas, 1982b) . The sedimentary geotechnical section, as described by Faas (1982a) , is one of rather quickly changing character to approximately 50 to 60 m sub-bottom, at which depths lithification of the mud into mudstone begins.
The consolidation behavior of the Site 494 sediment column, as presented by Faas (1982a) , is one of normally consolidated sediments in the upper 46 m, changing to overconsolidated below 46 m. The overconsolidation is most likely a result of lithification and cementation. The for the upper 50 m, suggesting that this section may be underconsolidated. No consolidation tests were performed on Leg 84 samples, although two permeability measurements made on the ship resulted in permeabilities of 4.65 × I0" 5 cm/s for Core 567A-2-4 and 1.58 × 10~6 cm/s for Core 567A-9-5. Correcting the surface permeability values to in situ conditions and assuming in situ porosities of approximately 60% would yield values of 10~7 to 10~8 cm/s, representing sediments of very low to practically no permeability.
Site 568
This site is on the upper slope of the Middle America Trench off Guatemala (Fig. 6 ). The upper part of the recovered sedimentary section consists of Recent to upper Pleistocene dark, olive-gray siliceous mud, which becomes partially lithified mudstone at approximately 180 m subbottom. Below this depth, the Pliocene-lower Miocene is a mud-mudstone sediment showing occasional unique fracture and deformation patterns described in detail by Cowan (1982) and Ogawa and Miyata (this volume). Grain-size analyses performed at the shore-based laboratory yield the profile in Figure 10 , showing a predominantly silty clay with increased coarse material at depth, possibly resulting from incipient interparticulate cementation and lithification. Atterberg limits for sediments from this site classify them as medium-to high-plasticity organic clays or fine sands and silts (Fig. 4) , concurring closely with the results for Leg 67 Site 496, only 1.5 km away (Faas, 1982b) .
Bulk densities increase gradually from surface lows of 1.31 Mg/m 3 to 1.45 Mg/m 3 at 230 m. The Pleistocene/ Pliocene boundary is marked by a more rapid increase in the bulk-density profile at 230-240 m sub-bottom, below which the gradient in index properties is similar to that in the upper section. A similar break in the gentle gradient of physical properties, at 360 to 375 m, may be related to a lower/middle Miocene boundary or hiatus.
The shear-strength profile for this site is quite disrupted, owing to significant degassing of the sediments upon retrieval (Fig. 10) . Expansion of interstitial gas breaks down the bonding present between particles, and increases the sample void volume. The maximum C u /P 0 ratio for this site is approximately 0.18, which would normally suggest an underconsolidated state. These sediments, however, do not follow the relationship defined by Skempton (1970) , since gas disruption of the section will produce decreased shear strengths. The general trend of average shear-strength values shown by Faas (1982a) results in a C u /P 0 ' ratio of approximately 0.36, and would support the conclusion that this sediment forms a more normally consolidated section.
Ten consolidation tests were performed on samples from this site; results are summarized in Table 1 underconsolidation include high sediment accumulation rates and high internal pore pressures. The latter agent may indeed be significant in the state of consolidation of sediments from Site 568, since excess downhole pressures were recorded during drilling. The presence of gas and dispersed hydrate found at this site can also contribute to this phenomenon. Permeability measurements obtained in the laboratory show values ranging from 3.36 × 10~6 to 1.15 × 10~7 cm/s for in situ estimates. These values are interpolated at the predicted void ratio for P o , but if the estimate for preconsolidation stress is low because of degassing effects on the consolidation results, the effective permeabilities could indeed be less. As it is, values of 10~6 to I0" 7 cm/s represent very low degrees of permeability.
Site 569
Site 569 is on the mid-slope of the Middle America Trench off Guatemala (Fig. 6) . The material recovered from 0 to 57 m consists of an upper, conformable sediment drape of dark olive-gray siliceous mud with interspersed ash layers. Below this zone is a 200-m-thick sequence of olive-gray to grayish blue-green mud and mudstone forming a prograding lobe, as interpreted from the geophysical record. The lowermost sedimentary section consists of a series of interbedded mudstones and calcareous mudstones. Laboratory grain-size analyses show that the uppermost unit is a silty clay, whereas the underlying prograding lobe unit contains a clayey silt in the uppermost part, grading to a silty clay downhole (Fig.  14) . The Atterberg limits for these sediments, shown in Figure 4 , classify them as having medium to high plasticity. A difference in the character of sediments is evident, considering that Atterberg limits of sediment belonging to the upper unit fall much closer to the A-line than those of the underlying unit.
The index properties for this site resemble those obtained for Site 568, showing a gradual gradient in all properties. Bulk densities, for instance, increase from subsurface values near 1.40 Mg/m 3 to 1.80 Mg/m 3 toward the bottom of the sedimentary section (Fig. 14) . Deviations from the overall trend are noticeable at sub-bottom depths of 60 and 115 m, the uppermost representing the Pliocene/Miocene boundary.
The shear-strength profile also shows a very small increase in strength with depth, possibly reflecting to some degree the disturbance resulting from degassing. The maximum ratio of C u /P 0 is approximately 0.21, which would indicate normally consolidated to slightly underconsolidated sediments relative to the average marine values reported by Skempton (1970) .
Results of four consolidation tests on sediments from Site 569 are shown in Figures 15 and 16 , and summarized in Table 1 . The forms of the e-log P o curves suggest that the samples were relatively undisturbed, with the possible exception of Section 569-12-4. The OCRs for these samples show that states of overconsolidation occur at three intervals, whereas Section 569-8-2 is slightly underconsolidated. Compressional indices, C c , for these sediments average 0.94, representing moderately compressible sediments.
Permeability results from laboratory and shipboard tests show little change with depth. Permeabilities range between 1.22 × I0" 6 to 1.0 × I0" 7 cm/s for interpolated in situ values. These permeabilities are consistent with similar values reported by Bryant et al. (1981) for silty clays and clayey silts at comparable void ratios.
Site 570
Site 570 is on the upper slope of the western Guatemalan margin (Fig. 6 ). Coring at this site recovered four sedimentary units overlying a serpentinized peridotite basement. The upper unit is 210 m thick and consists of olive-gray Pleistocene hemipelagic sediments with interspersed sand layers; lithification first appears at approximately 145 m sub-bottom. Below this unit is a 50-mthick Pliocene mudstone also containing sand and occasional ash layers. The third unit is a lower to upper Miocene section of grayish olive mud, mudstone, and shale, and contains solid hydrate dispersed throughout. The final sedimentary unit consists of a series of interbedded muds, mudstones, limestones, and sands. The physical properties of these different lithological types are quite distinctive, and are listed in the site chapter.
Grain-size analyses, plotted in Figure 17 , characterize the sediments as silty clays to clayey silts with a few sandy horizons. The Atterberg limits obtained from trimmings of the consolidation samples yield the liquid limits and plasticity indices for these sediments, as plotted in Figure 4 . These limits fall within the zone classified as fine sand and silts or organic clays of medium to high plasticity. Calcium carbonate content ranges from 4 to 27% in the samples tested, reflecting the variability of this component in the hemipelagic sequence.
Index properties at this site illustrate the typical geotechnical profile for marine sediments, showing a rapid change of properties near the sediment surface and becoming more gradual with increasing depth (Fig. 17) . Water contents decrease from 52 to 43% in the upper 20 m, and then only shift from 43 to 40% at depths of approx- The shear-strength profile (Fig. 17) shows a gradual increase in strength downhole, with some divergence at certain intervals, probably as a result of degassing. The estimated C u /P o ratio for the upper 100 m is 0.15, which represents an underconsolidated state for these sediments. This is comparable to results for the section at Site 568, and could be attributed to similar processes.
Five consolidation tests were performed on sediments from Site 570; results are shown in Figures 18 and 19 and summarized in Table 1 . The curvature of the reload portion of the curve to the virgin curve in these figures reflects the fact that some disturbance may have occurred in samples from Sections 570-3-5 and 570-6-5. In general, however, the curves are consistent and OCR ratios are less than 1. These overconsolidation ratios suggest a degree of underconsolidation, as does the C u /P o ratio. The sample from Section 565-1-2 is overconsolidated, but it is not uncommon to find sediments with OCR values in excess of 1 at very shallow depths. This apparent state arises from an internal strength of sediments denoted as "origin cohesion."
Permeabilities obtained from shore-based laboratory measurements substantiate shipboard falling-head tests for uncorrected surface values. The range of permeability interpolated for in situ void ratios lies between 1.22 × 10~6 and 1.22 × 10~7 cm/s. These would be considered to represent sediments with a very low permeability.
DISCUSSION
Consolidation
Gravitational consolidation is the process by which the void space within a given sediment is decreased, resulting in closer arrangement of particles, and it is recognized generally by increased shear strengths and bulk densities and decreased water contents and porosities. The mechanism driving gravitational consolidation is the weight of the overlying sediment or overburden. The theory of consolidation, as presented by Terzaghi (1941) , describes the nature of sediment dewatering as it is related to the dissipation of excess pore pressures created by the imposed overburden. Dissipation of these excess pore pressures allows the sediment to consolidate; lack of dissipation would result in an underconsolidation of the sediment. The underconsolidated state may also arise from rapid sediment mass accumulation rates, in which case dewatering of buried sediments and dissipation of the excess pore pressures is impeded by the rapidly imposing overlying material. Sediments on the Middle America Trench slope contain significant amounts of gas, both in solution and as dispersed and massive hydrate. The production of gas within a saturated sediment causes another phase to attempt to occupy a given volume within the sediment pore space, and this leads to excess pore pressure if drainage is limited. This increased pore pressure, in turn, may impede the natural consolidation process, resulting in underconsolidated sediments such as those described for Sites 565, 567, 568, and most of 570. The observed degree of underconsolidation may be augmented by the disturbance created by gas expansion when the cores are retrieved, resulting in the poorly defined break of e-log P o ' curves and limiting our ability to draw conclusions as to the consolidation character of the sediments.
Downhole pore-pressure probe tests at Site 568 revealed apparent excess pore pressures on the order of 1020 kPa (150 psi) at 89.4 and 137.2 m sub-bottom, 1360 kPa (200 psi) at 186.2 m, and 2040 kPa (300 psi) at 360 m sub-bottom. Downhole excess pore pressures were also evident in Hole 5 67A when the bit became stuck downhole; the excess pore pressures in that hole were estimated to be on the order of 3400 kPa (500 psi) at a depth of 500 m (see Site 567 chapter). Pore pressures above hydrostatic pressure were also observed at the base of Hole 569 and possibly in Hole 565. The factors leading to excess pore pressures and resultant underconsolidated sediments include the following:
1. The presence of gas and decomposition of gas hydrates.
Water content (%)
Porosity ( 2. Abrupt local loading or very rapid rate of sediment accumulation.
3. Injection of pore fluids derived from the burial of oceanic and slope sediments under the overlying trench slope complex during the subduction process (Aubouin et al., 1982) .
The subduction process would create an increasingly larger overburden on the subducted sediment unit, and any consolidation would result in expulsion of pore water into adjacent sediments and fractures. It is also evident that such an injection of excess fluid into the overlying sediments of the Middle America slope would lead to inhibition of the natural consolidation process and would be capable of producing the observed underconsolidated sections.
Sediments can reach the contrasting state of over consolidation through a combination of mechanisms that may include (1) incipient cementation, (2) very slow rates of sediment accumulation and aging, (3) tectonic stressing, and (4) erosion of overburden. Site 566 presents a perfect case of removed overburden. A sediment column at this site in the San José Canyon is exposed to processes ranging from down-canyon current scour that would inhibit sediment accumulation to slope instabilities capable of eroding significant volumes of previously deposited material. The variable sediment thickness required to produce the excess overburden observed at Site 566 can be calculated from data for other Leg 84 slope sites (Figure 20) . From these calculations an average sediment thickness of 87 m is required to provide the measured vertical effective stress. The estimated 87 m of removed overburden is also a conservative estimate if we consider that most sedimentary sections sampled along this trench slope are not normally consolidated, but underconsolidated.
Site 569 exemplifies a somewhat overconsolidated section, regardless of the excess pore pressures registered during drilling operations. This contradicts the consolidation state suggested by the C u /P 0 ratio for this site and by Faas's (1982a) show no evidence of folding or faulting. The most plausible explanations are initial cementation, local stressing, or erosional episodes resulting from a mass depositional process. Cementation and the formation of mudstone are not recorded in the section at Site 569 above depths of approximately 100 m, so it is conceivable to envision some episodes of erosion (possibly linked to observed biostratigraphic hiatuses), combined with slope sedimentation processes involving downslope creep and mass-movement events. These latter events can alter the geotechnical nature of the deposit, depending on the mechanism actively emplacing the unit. Booth (1979) describes the nature of overconsolidated sediments as they are related to different downslope transport mechanisms, and describes the gradually to abruptly overconsolidated state of a sedimentary unit as a recognizable attribute of flow deposits (e.g., debris and/or turbidity).
Permeability
Permeability and consolidation are two interdependent properties of a sediment, the rate of consolidation being controlled by how fast the water can dissipate under imposed excess pore pressures. Permeability is in turn related to the amount and size of interconnected voids within the sediment, which are constantly decreasing as the sediment consolidates. The general permeability trend for oceanic sediments of different grain-size characteristics is presented by Bryant et al. (1981) . The permeability characteristics of the silty clays these authors describe are closely mimicked by the Leg 84 data. The overall trend of Leg 84 permeabilities can be seen in Figure 21 .
The presence of excess pore pressures monitored at Sites 565, 568, and 569 may indicate flow conditions restrictive of dewatering in these areas. Regardless of the cause of such excess pore pressure, the permeability of the overlying unit is insufficient to allow this pressure to dissipate. The data shown in Table 2 represent the average values of index properties at sub-bottom depths near 250 m. The porosity of sediments at that depth, usually mud or mudstone, is between 57 and 64%, and the corresponding average permeabilities range from 2 × 10~9 to 5 × I0" 8 cm/s, respectively. The range of permeability described by Terzaghi and Peck (1967) for practically impermeable sediments is less than 10~7 cm/s. These low permeabilities obviously constrain the consolidation process severely, and can lead to increased pore pressures above hydrostatic conditions. The increasing mudstone component with depth at these sites reduces even more the effective permeability of the sediment, and may be the cause for restricted flow, leading to abnormal downhole pressures. The unique geochemical environment of the Guatemalan slope sediments, which contain abundant gas and hydrates, may also be an important determinant of permeability and flow conditions. The degree of saturation of a sediment is quite important to permeability. The greater the degree of saturation, the larger the permeability; thus, if these sediments contain a hydrate seal or a sufficient amount of gas not in solution and filling void spaces within the sediment fabric, we can expect a significant blockage of flow through these horizons.
Alternate flowpaths for fluid migration are along fracture planes, sandy-silt horizons, ash layers, and also perhaps through conduits evidenced in the unique vein structure described by Ogawa and Miyata (this volume) and by Cowan (1982) . These flow paths correspond to the formation permeability, which may indeed be a very important consideration in the hydraulic history of this margin, but which unfortunately cannot be measured with the equipment or tests available. Interestingly, the availability of sand or silt horizons may be limited, since the general sedimentation pattern along this margin is one of basin infilling. This generally results in only isolated cases of continuity regarding these horizons, thus limiting the effective lateral drainage of these more permeable layers. Added to the limited horizontal extent of these layers is the fact that massive hydrates were nearly always recovered within the coarser-textured sediments; this further limits the potential of these particular horizons to form high-permeability paths.
SUMMARY
The Middle America Trench slope sediments off Costa Rica and Guatemala have geotechnical characteristics consistent with hemipelagic, oceanic sediments from other portions of the world. Comparison of porosity-vs.-depth and permeability-vs.-depth relationships, for Leg 84 sediments, with the same relationships for sediments described by Bryant et al. (1981) shows that the slope deposits follow trends described for silty clay and clayey silts having 5-20% calcium carbonate. The disturbance created by degassing affects the consolidation state of sediments for at least three sites of Leg 84 and two others of Leg 67 (Faas, 1982a) . Evidence of sediment erosion is strongly supported by the overconsolidated states of sediments at Site 566, and downslope transport mechanisms may be creating instances of overconsolidation at Sites 565 and 569.
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